Lately Hydroxyapatite has gained a lot of research interest and intense focus due to its structural as well as compositional similarity to the components of human bone mineral.
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characterization of biogenic derived calcium phosphates from dolomitic marble and
Mytilus galloprovincialis seashells, constitutes the main goals of this study. The synthesized materials were characterized using FTIR, SEM coupled with EDS, and Xray diffraction at all synthesis stages. Precursors were also subjected to thermal analysis and differential scanning calorimetry for thermal transformations investigations and dissociation temperature setting. This study suggests that acid quantity and magnetic stirring are the key-factors for Ca/P molar ratio adjustment, hence for the amount of naturally-derived hydroxyapatite. This research also contributes to the development of new strategies for further optimization of the conversion procedure and removal of residual components.
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INTRODUCTION
Very recently different kinds of functional and sustainable materials are being explored for their usage in a number of applications ranging from biomedical, automotive to aerospace [1] [2, 3] [ [4] [5] [6] . Especially in the field of biomedical, the ongoing tendencies in the clinico-surgical field are directed towards the development and promotion of a rising generation of ceramic biomaterials solely dedicated for bone restoration. These materials could constitute a hasty and complete solution for size-varied bone defects, especially for the extensive ones. Current reparatory techniques include allografts, autografts, metallic, ceramic and synthetic polymer materials, each one of them facing specific drawbacks [7] [8] [9] [10] [11] [12] . In terms of calcium phosphates (CaPs) (Ca/P = 0.5-2.0), the most suitable one is stoichiometric hydroxyapatite (HA) (Ca/P =1.67), similar to natural apatite through its excellent biocompatibility, compressive strength and bioactivity. A more socio-economically engaging alternative targets the synthesis of new biomimetic substituents derived from widespread biogenic resources (e.g. mussel shell wastes from food industry) that are highly capable of bone-cavity breeding [13] .
The possibility of an environmentally-friendly exploitation of marine resources to biological CaPs has emerged with the development of a coralline derived-HA synthesis method in 1974 [14] [15] . For the high demand of bone substitute materials, current M A N U S C R I P T A C C E P T E D 
MATERIALS AND METHODS
Samples preparation
Ceramic materials were procured from two types of natural precursors: white autochthonous dolomitic marble (Rușchița, România) and Mytilus galloprovincialis mussel shells (Marea Neagră, România). Marble slabs were cut into dimensions of 15 × 20 cm and the seashells were washed and scrubbed for sand particles removal. CaO powder was obtained as a result of precursors` calcination (Eq. 1) in an electric oven at 1300°C, for 6 h, followed by air cooling (Fig. 1) . Subsequently, the samples were stored in sterile Petri dishes and exposed to atmospheric air for 6 months. CaO transformation to HA was conducted according to Rathje method (Eq. 2&3), optimized as shown in (Table 1) . Subsequently, the obtained solutions were filtered and dried in a two-step process: (i) for 24h at room temperature (RT) and (ii) in electric oven with air atmosphere, at 120°C, for 2 ½ h and then slowly cooled in the oven for 2h down to 40°C ( Fig. 2 & 3 ). Samples were stored in Petri dishes and immediately sealed in the desiccator with silica gel.
Physico-chemical techniques for phased precursor and product characterization
Morpho-compositional characteristics were determined using scanning electron microscopy (SEM) (Philips Xl 30 ESEM TMP) that is coupled with energy-dispersive spectroscopy (EDS) (EDAX Sapphire spectrometer). EDS analysis was performed in five different areas. Thermal transformations of raw materials were investigated by simultaneous differential scanning calorimetry (DSC)/ thermal gravimetric analysis (TGA) on a TA instrument (SDT Q600) in a temperature range of 25 -1500°C at a 10°C/min heating rate. The device chamber was purged with 20ml/min Ar flow rate.
The pH values were recorded, after the completion of synthesis, with a pH-meter 
RESULTS AND DISCUSSION
The dissociation reaction of calcium carbonate has been reported as follows (Eq. 1) [21] [22] :
The setting reaction between Ca (OH) 2 and H 3 PO 4 develops exothermically with the controlled release of phosphate anions in the water, in three stages (reactants dissolution, new phase nucleation and the crystallization of the reaction products).
Mixing these two solutions can lead to the precipitation of different calcium phosphates phases, depending on the reagent quantity and the pH of the resulting solution (Eq. 2&3) [18] . [23] or is formed as a result of further processing stages M A N U S C R I P T
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6 [24] . In the human body, only DCPD has been found in the non-collagen organic matter and is considered the "reservoir" of phosphate/ calcium ions that are prerequisite for subsequent mineralization [25] . Fig. 3 shows the comparative morpho-structural characteristics of raw precursors. The morphological analysis highlighted (i) a layered and compact structure in both cases and
Biogenic resources characterization
(ii) the particular arrangement of calcite and aragonite lamellae oriented perpendicular inside the mussel shells [26] . From the compositional point of view, the major characteristic components (Ca, C and O) and also traces of Mg in the case of marble were identified. Materials may contain, additionally variable quantities of Na and/or Si given their environment, but here these were under the detection limit of the EDS device. The XRD patterns of raw materials are comparatively presented in Fig. 3A . respectively. For seashells, the characteristic Gaussian (bell-shaped) peak indicated a fine crystalline structure; contrary, to marble sample. The characteristic split peak suggested the presence of larger crystals in the materials structure. These reactions were accompanied by a major thermal event: CO 2 loss reached a 42% of the sample mass.
The remaining CaO mass was preserved up to a temperature of 1400°C. Hence, the established dissociation temperature was lower than the one of pure CaCO 3 minerals (963°C).
Intermediary calcium oxide powder characterization
Results of SEM-EDS analysis conducted before and after calcination process (Fig.   1&5 ) showed the changes induced by the heat treatment in the microstructure of marble and seashells. Marble`s morphology started with acute cracking of the initial microstructure ( Fig. 1) , while maintaining a high compactness degree (Fig. 5, marble derived CaO). In contrary, the seashells decomposition led to the particles interconnection in form of pores, through fragmentation and aeration of the component layers (Fig. 5, seashell derived CaO). Mechanical tension caused by induced hydration in atmospheric air for 6 months led to an architecture that was composed of independent grains in both cases [28] . The fine particles clogged in the form of crystals with variable, quasi-regular geometries and sizes in the range of 1-10 µm (Fig. 5, Fig. 5B) : characteristic CaO bands in the 1450-1700 cm -1 region presented modified shape and intensity [28] .
Physico-chemical characterization of synthesized CaPs
Post synthesis, six powdery samples were obtained (Fig. 6) . The liquid seashell-derived sample (2-S), resulted after doubling the amount of H 3 PO 4 has been excluded from subsequent analyzes.
SEM/EDS analysis
The microstructure evolution of dried samples is presented in Fig. 7 . A refined granulation can be easily observed for samples synthesized in the presence of magnetic stirring (see Table 1 ) by transition of conglomerate grains with sizes lower than 100µm
(sample 0-M) to defined, needle-like ones with sizes around 50 µm (samples 1-M and 1-S). Moreover, in the absence of magnetic stirring crystallization, clusters were formed which led to incomplete conversion of Ca (OH) 2 , as evidenced from XRD analysis in compared to the previous ones). Agglomeration of small needle-like arrangements has defined a compact structure, with low porosity. The comparative EDS spectra (Fig. 7) highlighted the characteristic elements for CaPs (Ca, P and O). The Ca/P molar ratios values -calculated based on these results -varied between 0.91 -1.53 and suggest an incomplete conversion of CaO powder into biogenic HA. As the acid quantity/sample increases, the Ca/P ratio and pH decrease and hence the final products consists also of acidic calcium phosphates. It should also be noted that the calculated Ca/P ratios can be influenced and slightly shifted by the instrument`s possible errors. They were maintained in the normal limits (below 0.1%) throughout analyzes [29] . In order to identify the obtained compounds, the calculated Ca/P ratios were correlated with XRD results.
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Structural investigations
The XRD patterns of dried samples have been comparatively displayed in analysis. The DCPA presence in the materials structure is desirable due to its superior biological properties: DCPA scaffolds registered a higher resorption degree compared to apatite based cements and osteoconductive properties above DCPD based ones [30] .
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
10
Bands positioned at about 2000-2300 cm -1 are characteristic for ν 3 bending mode of carbonate molecule and those from the 2900-3400 cm -1 region for the absorbed water.
CONCLUSIONS
The optimized Rathje method proposed in this study facilitated the calcium phosphates synthesis from dolomitic marble and Mytilus galloprovincialis mussel shell precursors.
The calcination temperature together with pH and H 3 PO 4 amount are the key parameters governing the performance of the adapted synthesis route for materials derived from natural resources. A complete dissociation was possible for both calcium carbonatebased precursors at 1300°C. The synthesis parameters favored a 100% HA phase proportion only in stoichiometric conditions with magnetic stirring and using marble derived powder with a refined microstructure. Increasing the H 3 PO 4 amount led to the precipitation of bi-phasic HA/DCPA compounds in both cases. Overall, these results confirm the possibility of extending the natural precursors range for HA preparation and also bring forward an alternative synthesis for DCPA based cements. Used raw materials constitute a sustainable and cost-efficient source for the highly performing bio-ceramics fabrication, destined for medical applications. Additional investigations are required to thoroughly establish the optimum HA/DCPA ratio for a proper performance of the bi-phasic CaPs that will be reported in near future.
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